Introduction: Different studies have shown a possible increased risk of venous thromboembolism (VTE) and arterial thrombosis in patients with an increased leukocyte count. The underlying mechanisms are not completely understood, but they could partly be explained by the role that white blood cells play in inflammation. Our objective is to investigate investigated the relationship between leukocyte counts and VTE.
Introduction
Deep vein thrombosis (DVT) and pulmonary embolism (PE) are referred to as venous thromboembolism (VTE). These diseases are a leading cause of mortality.
Venous thrombi have a characteristic laminar structure. The thrombi are rich in fibrin and red blood cells and are accompanied by a large number of leukocytes. There is increasing evidence [1] that inflammatory processes and DVT are closely related. Inflammation and haemostasis are related via common activation pathways and feedback regulation. Inflammation disrupts the haemostatic equilibrium, which causes thrombosis.
A study [2] using a mouse model of flow restriction-induced DVT without endothelium damage, showed that the reduction of blood flow induced a proinflammatory endothelial condition. This condition recruits innate immune cells, particularly neutrophils and monocytes. In addition, there is evidence [3, 4] highlighting the intervention of leukocytes in thrombosis. Several mechanisms have been postulated [5, 6] to explain the effect of high leukocyte counts on ischemic vascular events. Notably, the thrombotic effect is due to tissue factor (TF) in monocytes, neutrophils and microparticles (MPs) [5, 7] . Neutrophils promote thrombus formation through different mechanisms. They adhere to injured vessels immediately, preceding platelets through an interaction between leukocyte function associated antigen and ICAM-1 [8] . This is an important step for the activation and accumulation of thrombocytes. The neutrophil extracellular traps [9] and platelet-leukocyte aggregates [10] are other mechanisms that explain the association between leukocyte and VTE. Monocytes are the major source of TF. They are important regulators of blood thrombosis via the expression of TF on their surface and the shedding of procoagulant MPs under various pathologic conditions [11] .
The Tromsø study [11] found that high monocyte counts constitute a risk factor for VTE. In support of this hypothesis, patient monocytes, expressed higher levels of TF protein than in the controls. The MEGA study [12] (a case-control study) found that a high peripheral monocyte count (above 0.55 × 10 9 /L), even within the reference range, was associated with DVT in a dose-response manner: odds ratio (OR) 2.8 and 95% confidence interval [CI], 1.3-5.8.
Other studies [6, 13, 14] have shown that high leukocyte counts are a predictor of VTE in patients with myeloproliferative disorders, but, in patients without such diseases, there is few data available and the mechanism is not known.
Methods

Sample
Individuals were recruited from the RETROVE (Riesgo de Enfermedad TROmboembólica VEnosa) Project at the Hospital de la Santa Creu i Sant Pau of Barcelona between 2012 and 2016. RETROVE is a prospective case-control study which includes 400 consecutive adult patients (over 18 years old) with VTE (according to specific clinical inclusion criteria) diagnosed during the study period and 400 healthy volunteers who serve as controls. Detailed population characteristics are described in Table 1 . The goals of the RETROVE Project are to identify new biomarkers for VTE and to establish mathematical algorithms to predict thrombotic risk. The diagnosis of thrombosis was based on doppler ultrasonography, tomography, magnetic resonance, arteriography, phlebography, pulmonary gammagraphy and plethysmography. Any type of thrombosis was included except those related to cancer. VTE was classified as either unprovoked or spontaneous or provoked or nonspontaneous (one or more provoking factors within 3 months previous to an event) [15, 16] . In this last group, provoking factors were: surgery, immobilization, pregnancy, oral contraceptive, prothrombotic nonneoplastic diseases and others. For the control group, 400 healthy individuals who were friends, partners or volunteers (non-related with cases and neither among them) were included and they were distributed according to age and sex distribution of the a Spanish population (2001 census).
Our study was performed in accordance with the ethical guidelines of the Declaration of Helsinki. Written informed consent at the moment of the inclusion (in the case of patients, the first visit during the diagnosis of VTE) was obtained from all participants and all the procedures were approved by the Institutional Review Board at the Hospital de la Santa Creu i Sant Pau.
Blood collection and measure of parameters
Blood samples for study were collected from antecubital vein between 9:00 a.m. and 12:00 p.m., under basal conditions and after 12hour overnight fasting.
Leukocyte counts (eosinophils, monocytes, lymphocytes, neutrophils and basophils) were measured in whole blood drawn into 5 ml vacutainer tubes (Becton Dickinson and Company, New Jersey, USA) containing EDTA (40 µL of K3-EDTA, 0.37 mol/L per tube). The samples were analysed within 2 hours in an automated haematological analyser Sysmex XE-2100® (Roche Diagnostics, Basel, Switzerland). To establish the real basal status of the patients, samples were taken 6 months after thrombosis. To avoid possible interferences in coagulation parameters determination, none of the participants was using oral anticoagulants or heparin at the time of blood collection. In cases when this treatment could not be stopped, patients were treated with heparin and they omit the dose of the day before the blood extraction.
Statistical analysis
The chi-square (χ 2 ) test was used to compare between pairs of categorical variables such as: gender, smoking, hypertension, dyslipidaemia, diabetes mellitus, chronic obstructive pulmonary disease, kidney disease and autoimmune disease. The non-parametric Mann-Whitney test was used to test differences between mean values of the leukocyte counts. Because of the age and gender difference between the patients and the controls, we evaluated in our RETROVE controls the effect of these variables on leukocyte counts using a linear regression model, as reported previously [17] [18] [19] [20] [21] . The ages of the experimental group of patients were from 19 to 96. In contrast, the ages of the controls were from 21 to 94 years.
To study if low or high levels of leukocyte counts correlate with VTE, we established two cut-off points one at 10th percentile and another at 90th percentile. Potential confounders (age and gender) were adjusted with an unconditional logistic regression analysis.
We focused our attention on monocytes counts because they exhibited the highest thrombotic risk. Also, we calculated the OR and 95% CI according to the spontaneous or non-spontaneous origin of VTE and if the patients had previous thrombotic events. To determine if there is an association between monocyte counts and risk of VTE, we used an unconditional logistic regression model. The p values below 0.05 were considered statistically significant.
Results
Demographic variables and risk factors
The demographic variables and risk factors of the patients and controls are summarized in Table 1 . There are significant differences between patients and controls for age, body mass index (BMI), hypertension, dyslipidaemia, diabetes mellitus, chronic obstructive pulmonary disease and kidney disease. The results have been adjusted according these parameters. No significant differences were found for gender, smoking and autoimmune diseases.
We observed significantly more spontaneous (273, 68.3%) than non-spontaneous VTE (127, 31.8%). In both groups, the most prevalent VTE types are DVT alone or associated with PE or PE alone. Of the 400 adult patients, 315 of them at the time of the inclusion had a first thrombosis, while 71 patients had a history of previous thrombosis, 11 had two previous thrombosis and 3 had three previous thrombosis. The characteristics of the inclusion thrombotic event are summarized in Table 2 .
Leukocyte counts
Leukocyte counts in patients and controls are summarized in Table  3 . We found statistically significant differences between means of patients and controls for monocytes, neutrophils and basophils counts. Notably, the monocyte counts in the patients were very highly statistically significant (p value=1.22 × 10 -5 ). In contrast, the basophil count showed slightly low mean values in patients (0.030 ± 0.017) rather than controls (0.033 ± 0.019). No differences in leukocyte counts between males and females were seen.
Spontaneous
Non-spontaneous ( † ) Percentages were obtained from number of thrombosis types divided by total number of spontaneous or non-spontaneous events.
( # ) Percentages were obtained from number of male, female or total divided by total number of patients or controls. All leucocyte counts are given in 10 9 /L. 
VTE risk and monocyte counts
As shown in Table 4 , the only significant counts where with the monocytes over 90th. Only monocyte counts, higher than 0.7 × 10 9 /L, showed a statistically significant p value (0.000112).
Since we found a highly significant difference of monocyte counts between patients and controls, we analysed these differences between spontaneous and non-spontaneous thrombosis and with single and multiple thrombotic events. Only spontaneous thrombosis and single events OR 2.3 (1.4-3.7) and 2 (1.3-3.2) respectively, showed a statistically significant p value as shown in Table 5 . Although nonspontaneous cases did not show significant p value, but, the OR (1.6) and the CI (0.9-2.8) showed a similar tendency as spontaneous events. 
Discussion and Conclusion
We investigated the effect of leukocyte, and particularly monocyte counts, as VTE risk factors. Patients and controls showed statistical significant differences in their risk factors. These differences may be due to the fact that in general the patients were older than the controls and also to the particular design of the RETROVE Study as mentioned previously.
Some studies [15, 22] reported an equal prevalence of spontaneous and non-spontaneous VTE. However, we observed a high prevalence of spontaneous VTE (68.3%) versus non-spontaneous (31.8%). This difference may be due to the use of pharmacological VTE prophylaxis in patients with thrombotic risk factors. Also it could be that in patients who had surgical procedures or long immobilization periods. The localization of VTE in our patients was similar to those previously reported [15] .
Recent studies [2, 23, 24] indicate that the recruitment and activation of neutrophils and monocytes secondary to stasis (and not endothelial injury) are early events in VTE. Leukocytes play a role in coagulation, but it is not clear if they play a role in the risk of VTE [12] . In our sample, patients had increased counts of neutrophils and monocytes. Notably, we found statistically significance for spontaneous events with monocyte counts over the ninetieth percentile (over 0.7 × 10 -9 /L) with a p value of 5.52 × 10 -4 . High monocyte counts were found in both spontaneous and non-spontaneous VTE. These findings were not unexpected because induction of TF expression on monocytes has been implicated in thrombotic disorders. Circulating monocytes express TF in response to inflammatory stimuli and some studies have demonstrated that the source of TF in VT essentially came from leukocytes, primarily monocytes and from monocyte-derived microparticles (MPs) [2] . Also, homocysteine and an increase of TF has been reported [25, 26] for monocytes in patients with cirrhosis or sepsis and even in patients after surgery. Furthermore, monocytes are involved in the modulation of venous thrombus [27] [28] [29] .
A methodological issue in our study needs to be addressed. Specifically, the leukocyte parameters were measured at least six months after the thrombotic event. We do not know if our results would be different if we studied patients during the acute phase.
However, we are confident that our finding that high monocyte counts, even within the reference range (above 0.7 × 10 9 /L) are associated with VTE. These results confirm and extend what has been reported previously in other studies [11, 12] . However in our study we found a highly statistically significance association of monocytes and previous VTE (OR 2.47 and p value 2.49 ×10 -4 ). In this way, we did not find differences if the patient had history of one or more previous thrombosis. It is obvious that our results do not exclude the possibility that there is a relationship between other types of leukocytes and thrombosis. We don't know if there is a causal relationship between high monocyte levels and the disease because our sample has been taken after the thrombotic episode, but, our findings, are in line of Tromsø and MEGA studies [11, 12] and they support that high monocyte counts are in association with past VTE. We believe that our results provide a firm foundation for additional studies and they suggest that a high monocyte count are related with VTE risk and could be a useful parameter in future prediction models.
